that efficiently decomposes plant matter and renders a good soil structure (Mader et al., 2002) . The understanding of microbial processes in soil is crucial for a farming management system, particularly for farmers relying on organic materials for nutrient input. Soil microorganisms are ecologically beneficial because they participate in many critical processes, such as mineral compound cycling, organic matter decomposition, and various biophysical processes. Soil fertility and productivity, in particular, have received increasing attention (Nannipieri et al., 2003; Anna et al., 2015) . Due to their capability to respond quickly to environmental changes, it has been postulated that microorganisms might have a function as efficient bio-indicators in a farming system (Gamalero et al., 2005) . However, soil heterogeneity is a common phenomenon (Nuñez et al., 1994; Nuñez et al., 2006 ) that constitutes a highly complex, dynamic and continuous evolution system. Therefore, it is a social urge to understand the influence of greenhouse and open field cultivation systems on soil microbial community and diversity. Generally, studies on soil microorganisms have been limited only to specific groups of organisms or a particular metabolic process, which has motivated us to conduct further research (Barros and Feijóo, 2003) .
The introduction of microcalorimetry in soil studies has enhanced the ability to estimate the total metabolic activity of the soil microbial community. Thus, the estimation of the total metabolic activity via microcalorimetry would be a novel approach to address the previously mentioned research gaps. Notably, the technique is simple, sensitive, and minimally disturbs the sample. Apart from loading the sample into the detecting unit, no additional operations are required into the reaction system (Barros et al., 1997; Critter et al., 2004a) . In addition, heat signals can be continuously recorded for the same sample for a complete cycle of microbial growth and metabolic activity, which is not possible with other methods (Nuñez et al., 1994; Barros and Feijóo, 2003; Critter et al., 2004) , because the acquisition of heat changes associated with all metabolic processes involved in a particular culture is continuous (Barros et al., 2012) . Thus, the power-time curve obtained provides an appropriate characterization of the metabolic processes (Hashimoto and Takahashi, 1982; Tobias et al., 2016) . Moreover, microcalorimetry can also provide key quantitative-activity indices, such as the microbial growth rate constant, heat evolution process, metabolic enthalpy change and microbial growth heat yield (Barros et al., 2006; Shying et al.,2016) .
To clarify the microbial community structure in soil, phospholipids fatty acid (PLFA) analysis was a potential approach. It is well-known that phospholipids fatty acids are the key component of all the microbe's membrane, and their fatty acid ester-linked side chains and their polarity will vary from eukaryotes and prokaryotes (Ge et al., 2013; Tobias et al., 2016) . Therefore, to overcome the selective problems in microbial culture techniques, the PLFA analysis was widely used to determine the soil microbial community (Dong et al., 2014) .
Although the use of calorimetric methods in microbial ecological studies has recently increased, thermodynamic data on various microorganisms in agricultural soil environments are still scarce (Wu et al., 2011; Tobias et al., 2016) .
Soil samples from Huazhong Agriculture University, Wuhan, P.R. China, which is a humid subtropical city in the centre of China, were used in this study. The aim of this study is to develop a novel approach to investigate the changes of the soil microbial community in green house and open field cultivation practices and the relationship between physicochemical properties and soil microbial community's diversity. To the best of our knowledge, a few researchers have used the combination of microcalorimetry techniques to quantify and characterize the microbial community diversity structure on green house and open cultivation systems. To further verify the calorimetric data analysis to quantify the microbial community structure, we have used both PLFA analysis and micro-calorimetric methods. Preliminarily, we studied the properties of the soil samples to clarify the differences between cultivation in a plastic greenhouse and an open field cropping system. These methods could provide information to allow a better understanding of the microbial ecology under these different management systems and selection of appropriate management practices that will improve soil function and quality. Moreover, this would be the significant techniques for the decision maker to choose the potential cultivation method for sustainable green food development program.
MaterIals and Methods

Soil sampling and climate characteristics
Soil samples were collected from plastic greenhouses at Huazhong Agriculture University (113°41′ -1 15°05′E, 29°58′-31°22′N.), Wuhan, P.R. China, which is located at the confluence of the Yangtze and Hanshui rivers at the center of Hubei Province. Wuhan belongs to subtropical humid monsoon climate. According to the meteorological statistics, annual temperature is 15.8°-17.5°C, annual frost-free period lasts 211 to 272 days and annual sunlight duration is 1810 to 2100 hours. The annual precipitation and evaporation are 1269 mm and 269.9 mm, respectively, and the mean relative humidity is 84%. Before conducting our experiment, it was found that the main soil type was paddy soils, the bulk density of which was 1.80 g cm -3
(0-15 cm), pH was 5.98, Soil organic carbon (SOC) content was 9.81 g kg -1
, the total N content was 1.03 g kg -1
, and available P was 1.5 mg kg -1 .
In the last four years, local farmers were continuously practicing vegetable cultivation with organic fertilization, which is one of the most common cropping systems in the region. In this system, they were cultivating seasonal vegetables, like summer vegetables sown in April and harvested in July, and winter vegetables sown in the beginning of August and harvested in November. During the growing season, we used the same field practices as the local farmers. No pesticides were applied during the growing season and the weeds were controlled manually.
We have analyzed samples with two different treatments from five plots: three of them were from green house cultivation plots G1, G2 and G3 respectively, and two N5 and N6 open filed cultivation plots. Treatments were arranged in a randomized block design with three replications (Bi et al., 2009; Sikka and Kansal, 1995) . All of the samples were collected within three weeks after crops were harvested in December, 2012. Each of the plot with dimensions of 8.66 × 32 m with 2-m-wide side walls. The lateral distance between each plot was approximately 200 m. The soil sampling was performed at 3 to 5 random points in each plot to obtain 3-5 separate bulk-soil samples. The soil samples were collected using a stainless-steel corer and homogenized by mixing from a depth of 0 -1 5 cm after the initial surface layer was removed. We have collected 50 g of soil sample in a sterile plastic bag and immediately placed in liquid nitrogen box in the field. The soil samples were then kept at 4° C using ice bag for transport back to the laboratory. For PLFA analysis in the laboratory, the frozen samples were freeze-dried, ground to a fine powder after the removal of root residues, and stored in 10 mL sterile centrifuge tubes at -70°C. Rest of the samples were air-dried and sieved (mesh size 2 × 2 mm) to remove root fragments and large particles and then stored in polyethylene bags at 4°C for subsequent analysis.
Soil chemical properties determination
The soil pH was determined with a pH-meter (Mettler Toledo, Shanghai, china) in a supernatant prepared from 10 g of soil and 25 ml of de-ionized water (Nuñez et al., 2002 ). Soil moisture content (H, % of dry weight) was determined gravimetrically using a standard oven-drying method to a constant weight (Nuñez et al., 1994) at 105-110°C.
The Electrical conductivity (EC) was determined in a conductivity cell by measuring the electrical resistance of a 1:5 (soil:water suspension) solution (Shaw, 1988; Slavich and Petterson, 1993) . A KCl reference solution was used to obtain the cell constant. The EC1:5 value at 25°C was calculated from the EC metre reading by EC 25 (dS m -1 )=1.413Sx/K, where S is the measured EC of the soil suspension, K is the measured EC of the KCl solution, x is the conversion factor to estimate ECe (saturated paste extract) from EC 1:5 , and the conversion factor for clay loams equals 9 (Slavich and Petterson 1993) .
The carbon (C), nitrogen (N) and organic matter (OM) in each sample were measured by the redox titration methods described by Klutte and Triegel (Klutte, 1986; Triegel, 1998; . Soil organic matter was hydrolysed with an excess of a mixture containing sulphuric acid and potassium dichromate. The amount of unused potassium dichromate was determined by titration with ferrous sulphate using a diphenylamine indicator to detect unoxidized ferrous iron. Phosphoric acid was added to form a complex with ferric iron and provide a sharper colour change at the endpoint. An extra flask was prepared without soil to standardize the ferrous sulphate and provide blank values. Then, the amount of soil organic matter was measured as total C.
Biological properties determination
The following three different media were used for the determination of the microorganisms present in the soil samples: Martin's medium for fungi, beef extract peptone medium for bacteria and Gause's No. 1 synthetic medium for actinomycetes. The population of living microorganisms (N 0 ) was estimated by a viable count on serial spread plates (Barros et al., 1999; Shatalin et al., 2008) . A series of 10-fold dilutions of the samples were prepared with 90 ml of sterilized de-ionized water and 10.0 g of the soil samples. All glassware was autoclaved, and three independent dilution experiments were performed. Urease activity was determined by the method described by Gianfreda (Gianfreda et al., 1994 ) with a minor modification. A 5 g of air-dried and finely sifted soil (passed through a 1 mm sieve) was placed in a 50 ml Erlenmeyer flask and incubated with 1 ml methylbenzene for 15 min. Then, 10 ml of 10% urea and 20 ml of citrate buffer (pH = 6.7) were added to the flask. After mixing them well (shaking for 1-5 min), the flask was placed in an incubator at 37°C for 24 h. The mixture was filtered on Fisherbrand Q8 paper, 3 ml of filtrate was diluted to 20 ml with distilled water, and then 4 ml of sodium phenolate (1.35 mol L -1 ) and 3 ml sodium hypochlorite (activated chlorine 0.9%) were added. The flask was left for 20 minutes and was then diluted to a constant volume, and the concentration of NH 4 + ions produced from the hydrolysis of urea was measured spectrophotometrically at 578 nm via the blue complex. A calibration curve was performed with seven standards (0, 0.2, 0.6, 1.0, 1.4, 1.8 and 2.2 μg NH 4 + -N ml -1 ) prepared with ammonium sulphate. A unit of urease activity was defined as the quantity of NH 3 -N produced by 1.0 g of air-dried soil at 37°C per hour.
Phospholipid fatty acid (PLFA) analysis
Using phospholipids fatty acid (PLFA) analysis the soil microbial community was specified. Phospholipids fatty acid (PLFA) was extracted from the soil using Wu et al.'s (2009) method with minor modifications (Wu et al., 2009) . Total lipids were extracted from freeze-dried 3 g of soil sample using single phase buffers approach of potassium phosphate, chloroform and methanol. Phospholipids need to be segregated from neutral and glycolipids on a silica column. Followed by light methylation of phospholipids, PLFA ester was segregated and picked out by Agilent 6890N gas chromatograph with MIDI peak identification system (version 4.5; MIDI Inc. Newark, DE). To maintain the internal standard before methylation the fatty acid was added according to 19:0 ratios. For every individual sample, the concentration of single fatty acid methyl esters was demonstrated as nmol PLFA per g soil. All identified PLFAs have been used to calculate total PLFA concentration (nmol PLFA per g C). The following PLFA biomarkers were considered for bacterial origin (gram-positive bacteria by i14:0, i15:0, a15:0, i16:0, a16:0, i17:0, a17:0, gram-negative bacteria by 16:1v9c, cy17:0,18:1v5c,18:1v7c, cy19:0, bacteria were represented by the sum of the two) (Frostegård and Bååth, 1996) . Biomarkers 18:3v6c, 18:1v9c and 16:1v5c; and 10Me16:0, 10Me17:0 and 10Me18:0; were used for isolating the fungal and actinomycetes community PLFA, respectively (Zelles, 1997) .
Micro-calorimetric measurement
The microcalorimetric study was performed in a TAM III multi-channel thermal activity microcalorimeter (TA Instruments). All of the calorimetric experiments were performed at 28°C in 4.0 ml stainless steel ampoules, which were hermetically closed by Teflon sealing discs to control evaporation and energy loss. A total of 1.2 g of soil was amended with 0.2 ml of a solution containing 1.25 mg glucose and 1.25 mg of ammonium sulphate to prevent the soil from sinking. This process was performed to stimulate soil microbial activity and to provide the necessary nitrogen and sulphur that microorganisms need to synthesize amino acids. The quantity of soil and the nutrient solution prevents problems related to CO2 accumulation, and heat flux is obtained from the evaporation in the ampoule Nuñez et al., 1994) .
To quantify the calorimetric results, the time to reach the peak (t peak ) and the peak height (P max ) were extracted directly from a power-time curve. Additionally, the total heat evolution (QT) and the growth rate constant (k) were calculated from the power-time curve. The method for quantifying k is well established (Hashimoto and Takahashi, 1982; Critter et al., 1994; Yamano and Takahashi, 1986) . The growth rate constant k could be obtained from a semi-logarithmic plot of the heat rate, according to the modified model by Monod ; ln P t = ln P 0 + k t , where t is the time, P is the power output at time t, and P 0 is the power at time t = 0. The correlation coefficient (R) and significance probability can be obtained. The dissipation of heat per cell (J Q/N ) is obtained by the equation J Q/N = Q T /N 0 .
Statistical analyses
Statistical analyses were performed with SPSS 17.0 (SPSS Inc., USA). All results were expressed on a dry weight basis. The data from each plot were subjected to an analysis of variance, and results are expressed as the mean ± standard deviation of at least three replicates. Data were analysed for significance by Duncan's multiple range test using the SPSS statistical program. Significant differences between the parameters in the open field and greenhouse cultivation were studied with t-tests and marked with "(*P < 0.05)".
results
Chemical properties of soil samples
The physicochemical and biological properties of soil samples from the three-green houses and two open fields are summarized in Table 1 . It is found that the Electrical conductivity (EC), organic matter (OM) and Humidity (H) all are higher in the greenhouse soil than in the open field soil. But the carbon-nitrogen ratio (C/N) responses oppositely, higher for the open field soil than the greenhouse. Therefore, to have a better understanding of the relation between both greenhouse and open field soil samples, some statistical analyses are conducted. We have found that, EC, OM, H, N and C are 48.2% (P < 0.05), 101.3% (P < 0.005), 107.2% (P < 0.01), 173.6% (P < 0.01) and 32.14% (P < 0.05), respectively, higher in the soil from the greenhouse than in the soil from the open field cultivation. In contrast, C/N displays some interesting findings, and it is 106.5% (P < 0.01) higher in the open field soil compared to that in the greenhouse soil, while the soil pH does not differ significantly.
Urease activity and microbial population of soil samples
Urease activities for both greenhouse and open field soil samples were analysed and are summarized in Table 1 . A significant urease activity is observed in greenhouse soil. As such, the urease activity is 69.5% (P < 0.01) higher in the greenhouse soil than in the open-field soil ( Table 1 ). The number of viable microorganism per gram of soil (N0) estimated by a viable count is shown in Table 2 , and the microbial diversity is shown in Fig. 1 . The bacterial population is significantly higher (P < 0.05), and the actinomycete population is 12-fold higher (P < 0.001) in the greenhouse soil than in the open field soil. There is no significant difference in the fungal population between the two groups.
Soil microbial activity in heat profiles
Power-time curves are well-stablished method to indicate the typical microbial growth activity (Fig. 2) . The heat evolution exponentially increases after the lag phase, where it was followed by a stationary phase and a decline phase. The results indicate that the lag phase of greenhouse treatment (G1, G2 and G3) is shorter than that of the open field treatment (N5 & N6) (Fig. 2) . Among all the treatments, we have found that N5 treatment soil has the longest stationary phase. The total heat release Q T (J g -1 ), maximum heat flow P max (μW) and growth rate constant k (h -1 ) are higher in G treatment group than the N treatment group (Table 3) . Whereas, time to reach the peak (t max ) and cell specific heat rate J Q/N (J cell -1 ) are lower in G treatment group compared to the N treatment group. Sample G1 has the highest P max (1246.07 μW) and the lowest t max (11.86 h); in contrast, sample N5 has the lowest P max (411.03 μW) and the highest t max (21.78 h). There is a significant difference in the thermogenic properties between the greenhouse soil and the open-field soil with respect to QT, k and J Q/N ; k (P < 0.001) is larger, and J Q/N (P < 0.005) is smaller for the greenhouse soil. There is no significant difference in Q T between the two groups.
The results of single linear regression analyses performed with the data of the physicochemical and heat profiling properties involved in this work are shown in Figs 3 and 4. The mean value of microbial numbers in the soil samples was measured by a viable count. Each soil sample was counted for at least three independent measurements. Bacteria, actinomycetes and fungi were counted CFU, colony forming units; N0, number of viable microorganisms per gram of soil dry weight. Values are as the mean±S.D., n=3-5; values within the same column not followed by the same letter differ significantly (P<0.05), and significant differences between Group N and Group G are shown as * (P<0.05) We have observed the correlations between number of viable microorganisms per gram of soil N 0 , cell specific heat rate J Q/N (J cell -1 ) and organic matter content OM (g kg -1 ) (Fig. 3a & b) and between the electrical conductivity (EC dS m -1 ), total heat releasing Q T (J g -1 ) and growth rate constant k (h -1 ) (Fig. 3c, d) . The regression analysis results show the positive correlation, whereas the relationship between OM and J Q/N is observed highly negative (Fig. 3b) . Meanwhile, the correlation between urease activity (NH4 + -N/ g -1 h -1 ) and the growth rate constant k (h -1 ) is shown highly positive (Fig. 4) . These findings have a potential implication to the understanding of the microbial growth metabolism activity and the soil quality in both treatment systems.
Microbial community structure
Complete mean value of PLFA concentrations ranges from 129.76 to142.54 nmol g -1 (Table 4) . Overall PLFA concentration is significantly greater in G1, G2 and G3 treatments than in the N5 and N6 management systems (P < 0.05). The G (G1, G2 and G3) group shows a higher PLFA concentration, followed by N group cultivation system (N5 & N6). The composition of the soil microbial community differed among management systems, as indicated by PLFAs. Overall PLFAs, fungal PLFAs, Actinomycete PLFAs, and mono-unsaturated PLFA markers of G -and G + bacteria are much higher for G plots than for N plots. There were significant differences in the bacterial and actinomycete PLFA biomarker contents between different (Table 4) . With respect of PLFA, they follow the series G1 > G2 > G3 > N5 > N6. These are consistent with the heat profiling, urease activity and soil microbial population in the two groups of soil.
dIscussIon
Greenhouse cultivation is dependent on fertilization and alters the soil properties (e.g., the selection and amount of fertilizers) (Table 1) ( Ge et al. 2013; Barros et al., 2016b) . The EC values in the greenhouse soil are higher than those in the open-field soil, which can be attributed to the fact that there was no soil leaching due to rainfall that occurred under the greenhouse conditions, and the evaporation of the soil water resulted in salt accumulation (Shrestha, 2006) .
Many studies have suggested that soil enzyme activities can differentiate soil management practices (Garcia-Ruiz et al., 2009) . Urease in the soil catalyses the degradation of urea into CO 2 , N 2 O, CH 4 and NH 3 . The urease activity, which has widely been used as an indicator in the evaluation of soil quality and soil microbial activity, was higher under the greenhouse cultivation conditions than under the open field cultivation conditions. This observation is consistent with the report by Signor and Wu et al. (Signor et al., 2013; Wu et al., 2011) . Greenhouse cultivation leads to a higher soil OM than open-field cultivation. High quantities of organic matter may either promote or suppress urease activity via soil acidification and salinization because soil enzymes are strongly affected by soil pH and salinity ( Dong et al., 2014; Lin et al., 2010; Haynes and Rietz, 2003; Tabatabai and Ekenler, 2003) .
Microbial diversity and population are the key parameters of soil structure and fertility. In our study, the microbial biomass was higher in the greenhouse soil than the openfield soil with positive correlations between N 0 and OM in both cases (Fig. 3a) . Followed by, highly positive correlations are identified between the electrical conductivity EC, total heat releasing Q T and growth rate constant k. This also supports the research hypothesis that the green house (G) soil contains more microbial biomass than the open field (N) soil. Several studies have documented that high organic matter increases the soil microbial population (Belay et al., 2002; Fujii et al., 2007; Shen et al., 2010; Ge et al., 2013; Tobias et al., 2016) . The bacterial population and the actinomycetes in groups G and N differed significantly. There was no significant difference in the fungal population between groups G and N. The differences originated from the different nutritional sources of the microorganisms.
PLFA signatures characterise the soil microbial community (Dong et al., 2014; Tobias et al., 2016) . The relatively high total PLFA levels in our G plots (Table 4) indicates high microbial biomass; it has been shown that organicallymanaged systems promote the microbial biomass (Ge et al., 2013; Dong et al., 2014; Tobias et al., 2016) through covering the crops and C enhanced the soil nutrients. The fungal community is more or less similar in both G and N group's soil treatment. Meanwhile, bacterial and actinomycete communities were constant in both treatment systems. This might be attributed to a positive nutrient balance due to the same fertilizer treatment. On the other hand, the PLFA concentration of bacteria and actinomycetes community varies from a high value to a low value as the group changes from G to N (Ge et al., 2013; Dong et al., 2014) .
Furthermore, our PLFA concentration is consistent with heat profiling, urease activity and microbial population of soil. It has been shown that the green house cultivation promotes more diversified biomass than the open field cultivation. The biogeochemical pattern varies with different treatment system as well (Barros et al., 2016b; Belay et al., 2002; Fujii et al., 2007) . Therefore, it supports our research hypothesis that the green house cultivation system could be a sustainable management system to maintain a good soil health quality and a green food production (Barros et al.,2014; Dong et al., 2014) .
Bacteria and actinomycetes are closer to the fine particle organic matter (POM) fraction, while fungi are closer to the coarse POM fraction (Wienhold et al., 2006; Dong et al., 2014) . Data from groups N and G show that the fungal proportion in N 0 decreases from 5.19% to 2.1%, and the proportion of actinomycetes in N 0 rises from 23.38% to 71.3% (Fig. 1) . The increased EC has an effect on the microbial community, shifting it towards a bacteria-and actinomycete-dominated community (Wienhold et al., 2006; Dong et al., 2014) . These results differ from a report by Pankhurst et al. (2001) , who observed a less active and less functionally diverse bacteria-dominated community. Their observation was based on a saline and alkaline soil with an EC value greater than 4 ds m -1
, which constituted a much more selective soil environment.
The addition of nutrient solutions induces a rapid increase in the heat flow rate in all of the soil samples (Fig. 2) . The rapid increase after the lag phase is followed by the decline of heat flow to zero. The heat curves of the various soil samples were highly variable, indicative of complications within the soil. Q T is the sum of the catabolic and anabolic processes in soil and reflects the ability of the microbial community to facilitate these processes (Barros and Feijóo, 2003; Barros et al., 2016a; Armando et al. 2017) . However, the microbial activity measured as the total heat does not show a significant difference between the two cultivation methods (P > 0.05), which could be explained by the fact that Q T is largely determined by the amount of oxygen (in the ampoule), which produces approximately 15 J of heat according to Thornton's rule (Hansen et al., 2004) . Thus, after the oxygen in the ampoule is consumed, anaerobic respiration by soil microorganisms should be a key metabolic pathway for the growth on glucose. The Q T , therefore, encompasses the heat output from both aerobic and anaerobic respiration. Q T is positively (R = 0.912, P < 0.05) correlated with N 0 in this study. Rich organic matter stimulates the microbial population, and organic matter could be degraded more efficiently by the most numerous microbes (Wienhold et al., 2006; Barros et al., 2015) ; thus, more metabolic heat would be released into the environment.
Differences in soil chemical properties lead to differences in microbial structure and quantity, which would be reflected in the thermogenic activities by microorganisms. Positive correlations are found between EC, Q T and k (Fig. 3c, d) . The EC of soil was used to estimate the total quantity of dissolved solutes in the soil (Rhoades et al., 1990; Rose et al., 2006) . The results suggest that salt in soil may stimulate the growth and heat output of microorganisms in a direct or indirect manner. Generally, the ion concentration in the soil affects microbial activity via cation distribution, and the cation exchange capacity is significantly correlated with the variations of the substrate utilization patterns of the microorganisms (Pankhurst et al., 2001) .
In this study, we investigated the relationship between OM and J Q/N and observed a highly negative correlation (Fig. 3 b) . J Q/N represents the dissipation of the heat per cell unit, and a higher J Q/N is associated with a less efficient metabolism. A lower dissipation yield indicates a more efficient metabolism Yu et al., 2009 ). The correlation between OM and J Q/N implies that the amount of organic matter in the soil is connected to the efficiency of microbes to incorporate carbon into their biomass. Higher soil organic matter indicates more efficient carbon assimilation into the biomass. Several studies have documented that mineral fertilizer or organic manure increases soil microbial diversity (Barros et al., 2016b; Barros et al., 2014; Ge et al., 2013; Belay et al., 2002; Fujii et al., 2007; Shen et al., 2010) . The increased soil microbial diversity could transform carbon from organic debris into biomass at a lower energy cost, thus building a higher microbial biomass (Mader et al., 2010) . The positive correlation between OM and the biomass (N 0 ) shown in Fig. 3 (a) confirms the above explanation.
The microbial activity also has a significant impact on the urease activity in the soil as shown from the high positive correlation between k and urease activity in Fig. 4 . Soil enzyme activities are regulated by microorganisms in a direct and indirect manner. On the one hand, microorganisms increase production and secretion to affect the enzyme activity in the soil (Guo et al., 2012; Aon and Colaneri, 2001 ). On the other hand, microorganisms alter the physicochemical conditions of the soil directly via their activity (Sinsabaugh, 1994) .
conclusIons
We have successfully introduced a combined novel approach, consisting of microcalorimetric technique with PLFA, to study the changes of soil microbial community and the relationship between physicochemical properties and the diversity of the microbial community in G and N treatment systems. Greenhouse cultivation alters soil properties as a result of long-term film covers. The microbial population in a greenhouse soil is higher than that in the open field, and the microbial community shifts towards a bacteria-and actinomycete-dominated community. The microbial activities that show thermogenic properties, urease activity and PLFA concentration are higher in the greenhouse soil than in the open field soil. A high organic matter content in the soil supports a high microbial population and diversity, and it is favourable for the maintenance of the effective function of microbes to incorporate carbon into their biomass. It will lead us to practice the sustainable management system to grow more foods. Moreover, this would be a significant technique for the decision maker to choose the potential cultivation method for sustainable green food development program.
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